Transplantation with Wharton's jelly derived mesenchymal stem cells (WJ-MSCs) showed great benefits for restoring myocardial function. However, the outcome of WJ-MSCs transplantation was unsuccessful due to multiple factors including oxidative damage. The presence of oxidative stress due to myocardium injury influences fibrous tissue formation, which causes disability of cardiac muscle. Hepatocyte growth factor (HGF), insulin-like growth factor (IGF1), and sonic hedgehog (SHH) are well-known master regulators in antifibrosis when secreted by WJ-MSCs. They showed a beneficial role in the recovery of cardiac fibrosis after WJ-MSCs transplantation. This study hypothesizes whether the reduction of the anti-fibrosis property in WJ-MSCs from oxidative damage can be recovered by overexpression of the HGF, IGF1, or SHH gene. Overexpression was attained by transfection of WJ-MSCs with pCMV3-HGF, pCMV3-IGF1, or pCMV3-SHH followed by H 2 O 2 exposure and co-culturing with cardiac fibroblasts. Myofibroblast specific markers comprised of alpha-smooth muscle actin (α-SMA) and collagen type 1 (COL1) were evaluated. The WJ-MSCs treated with H 2 O 2 influenced the expression of myofibroblastic markers, whereas the overexpression of HGF, IGF1 or SHH reduced myofibroblastic formation. These results indicate that the oxidative stress impaired anti-fibrotic property of WJ-MSCs, leads to an increase of myofibroblasts. Overexpression of anti-fibrotic genes restored the endogenous HGF, IGF1, and SHH alleviating improvement of cardiac function.
Introduction
Myocardium infarction (MI) has been reported as a major health problem worldwide. The pathogenesis of MI is from insufficient blood supply to myocardium, which leads to apoptosis, limiting proliferative capability of cardiomyocytes and post-MI fibrosis formation (1) . Oxidative stress under hypoxic conditions leads to accumulation of reactive oxygen species (ROS), which impacts myocardium function. ROS are toxic cellular radicals, affecting the macrobiological molecules contributing to the induction of cardiomyocyte apoptosis through apoptotic pathways (2) , mitochondrial damage (3) as well as inhibition of cardioprotective functions (4) .
Nowadays, transplantations are a convincing strategy in myocardium infarction treatment especially mesenchymal stem cells (MSCs) transplantation (5) .
MSCs that are obtained from a perinatal source such as Wharton' jelly derived mesenchymal stem cells (WJ-MSCs) have been found to have superior biological properties when compared to bone marrow derived MSCs (BM-MSCs) due to high proliferation rates, hypoimmunogenicity (6) , lower potential of forming teratomas (7) , non-invasive techniques and avoidance of ethical problems (8) . Several clinical trial studies showed promising results of treatment, which could be due to the WJ-MSCs properties; immunomodulatory (9) , transdifferentiation to cardiomyocytes (10) and releasing cardioprotective paracrines (11) as well as anti-cardiac fibrosis (12) . The cardiac fibrosis was initiated during myocardium regeneration and characterized by accumulation of myofibroblasts and high amounts of extracellular matrix (ECM) proteins deposition. These alterations are finally leading to stiffening of the heart and cardiac dysfunction. Unsuccessful findings were frequently found with the poor survival rate and dysfunction of transplanted WJ-MSCs and the underlying cause has not been elucidated. The outcome variances were suggested to be from poor survival of transplanted WJ-MSCs by oxidative stress-induced apoptosis (13) . Oxidative stress was a factor reported as a dangerous insult to cell recovery mechanisms underlying pathogenesis and has a negative impact on survival of transplanted WJ-MSCs (14) and fibrosis (15) .
Activation of cardioprotective cytokines has been shown during tissue regeneration to promote antifibrosis via induction of metalloproteases (MMP) to degrade ECM, inhibition of the transition from interstitial fibroblasts to myofibroblasts and against proliferation of collagen production of fibroblasts (16) . Hepatocyte growth factor (HGF) and insulinlike growth factor (IGF1) have been reported as beneficial agents to prevent apoptosis and fibrosis in cardiovascular diseases (17) , liver diseases (18) and pulmonary diseases (19) . Sonic hedgehog (SHH) plays a role in the development of the heart blood vessels in the embryonic heart and adult heart (20) and has potential in cardiac repair after myocardial ischemia (21) . Therapy of myocardial infarction with WJ-MSCs showed reduction of fibrosis and promotion of near-normalization of cardiac function (22) . WJ-MSCs released paracrine factors as the signaling mediators of the anti-fibrotic agents. Hepatocyte growth factor and insulin-like growth factor were secreted by WJ-MSCs and have been reported to play a beneficial role in healing of fibrosis (23) . Sonic hedgehog is a prototypical morphogen that is involved in cardiovascular regeneration in vivo by inducing the expression of angiogenic cytokines, including vascular endothelial growth factor-1 (VEGF-1), and angiopoietins-1 and -2 (Ang1, Ang2) from interstitial mesenchymal cells (24) . Direct injection of SHH has been shown to activate angiogenesis in a critical hindlimb ischemia model (25) . The delivery of those genes or proteins reduced fibrosis in numerous in vivo models (26, 27) .
Here, we investigated the expression level of three candidate anti-fibrotic genes, HGF, IGF1, and SHH in WJ-MSCs during H 2 O 2 -induced reactive oxygen species (ROS), exposure. Then the genetically engineered WJ-MSCs with each of the anti-fibrotic genes comprised of HGF, IGF1, or SHH pretreated with H 2 O 2 were cocultured with rat cardiac fibroblasts. We observed the effect of the paracrine fibrogenesis on rat fibroblasts and evaluated for myofibroblastic formation. We used this as a model to observe the effect of those paracrine factors on fibrogenesis and improve their therapeutic effect in vitro. The understanding of these alterations should show great promise for the future use of WJ-MSCs cell therapy in ischemic heart disease (IHD) patients.
Materials and Methods

Isolation and culture of WJ-MSCs
Umbilical cords were collected from mothers with normal labor as previously described (28) . All participants have read and signed the informed consent, which was approved by the Mahidol University Institutional Review Board (protocol no. 147.1311). To isolate Wharton's jelly MSCs (WJ-MSCs), the umbilical cords were cleaned with 70% ethyl alcohol and washed with 1X phosphate saline buffer (1X PBS). The umbilical veins and arteries were removed before collection of Wharton's jelly matrix. The tissues were chopped and digested with collagenase type II (Worthington Biochemical Corp., Lakewood, NJ, USA) and 0.25% trypsin-ethylenediaminetetraacetic acid (EDTA). The cells suspension was harvested and washed twice with PBS. Cells were suspended in complete medium comprised of Dulbecco's Modified Eagle Medium (DMEM) low glucose, 10% fetal bovine serum (Merck KGaA, Darmstadt, Germany), 1% Penicillin/Streptomycin, and 1% GlutaMAX (Gibco, Scientific, Inc., Waltham, MA, USA). The isolated cells were plated on tissue culture dishes and cultured in a 37˚C, 5% CO 2 incubator with 95% humidified air for 24 hours. The supernatant was removed and fresh medium was changed twice a week.
Cell and culture of rat cardiac fibroblasts
Rat cardiac fibroblasts (CF) (n = 5) were kindly provided by Dr. Tuempong Wongtawan (Department of Preclinic and Applied Animal Science, Faculty of Veterinary Science, Mahidol University, Thailand). Cells were cultured in DMEM high glucose medium supplemented with 10% fetal bovine serum under humidified air with 5% CO 2 in a 37°C incubator. The medium was changed twice a week. Cells were expanded by trypsinization,
Quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR)
The experimental samples from WJ-MSCs and CF were collected in TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and RNA isolation was performed using Direct-zol columns (Zymo Research, Irvine, CA, USA). The concentration of RNA was determined with a Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific, Inc.). Next, First-strand cDNA was synthesized with the isolated RNA (1 µg/sample) using a cDNA Synthesis Kit, (Biotechrabbit, Berlin Germany). The expression of anti-fibrotic and myofibroblastic genes were investigated by qPCR using KAPA SYBR ® Fast qPCR Kit (KAPABIOSYSTEMS, Massachusetts USA). The quantitative PCR was run with a CFX96 (Bio-Rad Laboratories, Inc.). The conditions of qPCR were set as follows: denaturation; 95˚C for 3 minutes; followed by 40 cycles of 95˚C for 3 seconds, annealing; 60˚C for 30 seconds and elongation; 72˚C for 45 seconds. The primer sequences were designed as follows: HGF forward, 5'-GGGCTGAAAAGATTGGATCA-3' and reverse, 5'-TAATTTTGTGTATCCATTTTGCAT-3'; SHH forward, 5'-GTAAGGACAAGTTGAACGCTTTG-3', and reverse, 5'-ATATGTGCCTTGGACTCGTAGTA -3'; and GAPDH forward, 5'-CAACTACATGGTTTAC ATGTTCCAA-3' and reverse, 5'-CAGCCTTCTCCAT GGTGGT-3'.The primers for CF were as follows: rCOL1 forward, 5'-AGGCATAAAGGGTCATCGTG-3' and reverse, 5'-ACCGTTGAGTCCATCTTTGC-3'; rSMA forward, 5'-ACTGGGACGACATGGAAAAG-3', and reverse, 5'-TACATGGCAGGGACATTGAA-3'; rGA PDH forward, 5'-AGCTCATTTCCTGGTATGACAA -3' and reverse, 5'-GGTATTCGAGAGAAGGGAGGG -3'. The expression of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were also quantified and applied as internal control in parallel with the target genes. The expression level of each gene was calculated by the ∆∆Ct method and presented in fold changes using Bio-Rad CFX Manager version 3.1 (Bio-Rad Laboratories, Inc.) (30).
Immunofluorescence staining
Cells were seeded and cultured on coverslips. The coverslips of cells were washed with 1X PBS followed by fixation with 4% paraformaldehyde for 20 minutes and washing with 1X PBS. Permeabilization was carried out using 0.3% Triton TM X-100 (Merck KGaA) for 5 minutes and non-specific reaction blocking was performed with 3% bovine serum albumin (BSA) (Invitrogen; Thermo Fisher Scientific, Inc.) in PBS for 1 hour. Samples were incubated with anti-HGF (Santa Cruz, CA USA), anti-IGF1 (Abcam, NY USA) and anti-SHH (Abcam, NY USA) at 4°C overnight. when cell confluence reached 80%. Confluent cells were washed twice with 1X PBS and incubated with 0.25% trypsin-EDTA at 37°C for 5 minutes. Afterward, cell suspension was harvested by centrifugation at 1,500 rpm, 25˚C for 5 minutes, and re-suspended with appropriate concentrations in culture medium.
WJ-MSCs characterization
WJ-MSCs in all experiments were performed as previously described (28) . WJ-MSCs were characterized according to the minimal criteria for defining MSCs, stated by the International Society for Cellular Therapy (29) . MSCs immunophenotype and mesodermal differentiation potential were performed. Briefly, cell surface markers expression of MSCs were evaluated from WJ-MSCs passage 3 rd -5 th . Cells were collected and incubated with antibodies specific for CD105, CD73, CD90, CD34 and CD45 (BD Pharmingen TM , San Jose, CA, USA) followed by examination with a BD FACSCantoTM II Flow Cytometer and analysis by FACSDIVA Software version 6.1.3 (BD Biosciences, San Jose, CA, USA).
For mesodermal differentiation properties of MSCs, WJ-MSCs were cultured with osteogenic and adipogenic differentiation medium (Stem Cell Technologies, Vancouver, Canada) as previously described (28) . WJ-MSCs were cultured with differentiation medium for 35 days. The differentiated cells were stained with Alizarin Red S and Oil Red O to evaluate for mineralized calcium deposition and fat deposition, respectively. The cytochemically stained cells were observed using a microscope and photographed.
Cell viability assay
MTT assay was employed to determine percent cell viability of WJ-MSCs during H 2 O 2 treatment. WJ-MSCs were cultured with 1×10 3 seeding density for each well of a 96-well plate for 24 hours, followed by culture with growth medium containing 200, 500 and 1,000 µM H 2 O 2 . Cell viability of treated and control cells were analyzed as described. First, samples were washed with the DMEM twice. 50 µL of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) reagent (1 mg/mL) was added to the sample and incubated at 37o C, in a 5% CO 2 incubator for 4 hours. Then, the supernatant was removed, 100 µL of dimethyl sulfoxide was added, and the plate was shaken for 15 min to completely dissolve the formazan crystals before measuring the absorbance at 570 nm. Cell viability was calculated using the following formula.
% Cell viability =
Absorbance of sample-Absorbance of blank ( ) × 100 Absorbance of control-Absorbance of blank Samples were then washed twice with PBS to remove the excess primary antibodies, followed by incubation with Alexa flour 488 conjugated secondary antibody at room temperature for 1 hour. Cells were washed with PBS and mounted with Antifade Mounting with DAPI solution (Invitrogen; Thermo Fisher Scientific, Inc.,). The observation was performed using a confocal laser scanning microscope, the fluorescent micrographs were captured and analyzed with FluoView FV1000 Software version 3.01 (Olympus Corp., Tokyo, Japan).
Western blot analysis
HGF, IGF1, and SHH were quantified by collection of the condition medium and centrifugation at 1,500 rpm for 5 minutes to discard cell residue (31) . Protein concentration was determined by using Bradford assay (Bio-Rad, CA, USA). The samples were mixed with dye and boiled for 5 minutes to denature the proteins. Samples were loaded in 10% SDS-PAGE and transferred to nitrocellulose membrane (Bio-Rad, CA, USA). Blocking of non-specific antibody binding was performed by incubating with 5% nonfat dried milk in TBST buffer (0.1 M Tris-HCl and 0.1% Tween-20, pH = 7.5) for 1 hour. Membranes were submerged with each antibody as follows; rabbit antihuman HGF polyclonal (Santa Cruz, CA, USA), mouse anti-SHH monoclonal (Abcam, NY, USA) and mouse anti IGF1 monoclonal (Abcam, NY USA). Next, the membranes were incubated with secondary antibody conjugated with horseradish peroxidase (Cell Signaling Technology, MA, USA). The signal of labelled proteins was done using the ECL™ prime Western blotting detection reagent (Amersham, UK). Images were scanned with the ChemiDoc™ MP Imaging System (Bio-Rad, UK).
Transfection
All plasmids, including pCMV3-HGF, pCMV3-IGF1 and pCMV3-SHH were purchased from Sino Biological Inc., China. The plasmids were transformed into Top10 competent E. coli and plated on LB agar plates supplemented with ampicillin. The bacterial colonies were picked and plated into LB medium supplemented with ampicillin. The bacteria were inoculated in shaking culture at 37°C for 18 hours. Plasmid DNA was extracted with a FavorPrep™ Plasmid DNA extraction mini kit (Favogen Biotech Corp, Taiwan). PCR and restriction enzyme digestion (XbaI and KpnI) were applied to confirm the correct clone from each plasmid. The correct clones were propagated to obtain a large volume. The desired plasmids were extracted by Geneaid™ Midi Plasmid kit (Geneaid, NY USA) for transfection into WJ-MSCs. WJ-MSCs were cultured in 100-mm dishes at a density of 2 × 10 6 cells. Next, cells were transfected with 24 μg of plasmid using Lipofectaminne™ 2000 (Invitrogen, CA USA) according to the manufacturer's protocol (32) . Briefly, 24 μg of plasmid were mixed with Opti-MEM to a final volume of 900 μl and incubated for 5 minutes at room temperature. The mixture of diluted plasmids and the Lipofectamine™ 2000 in Opti-MEM was prepared and incubated for 20 minutes at room temperature to generate the DNA-Lipofectamine 2000 complexes. This mixture was applied to cell culture plates and filled with medium without antibiotic.
Amplification of plasmid by polymerase chain reaction (PCR)
The DNA template for the pCMV3-HGF, pCMV3-IGF1 and pCMV3-SHH containing CDS of interest, was amplified using PCR. The primers of pCMV3 (forward, 5'-CAGGTGTCCACTCCCAGGTCCAAG-3' and reverse, 5'-GGCAACTAGAAGGCACAGTC GAGG-3'); were performed for PCR reaction using I-Taq plus DNA polymerase (iNtRON Biotechnology, Inc., Korea) according to manufacturer's instructions as described. The PCR reaction was performed using the following cycling protocol: initial activation step at 94°C for 2 minutes, followed by 30 cycles of denaturation at 94°C for 20 seconds, annealing at 62°C for 10 seconds, extension at 72°C for 1.30 minutes and final extension at 72°C for 7 minutes.
Statistical analysis
All data of the study were collected from 6 donors, the experiments were performed independently and at least three samples were applied for each experiment. The data is presented as mean ± standard error of the mean. To test statistical difference of mean, Mann-Whitney U test was applied and P < 0.05 was considered significant difference. Statistical tests were done using PASW software version 18 (IBM Corp., Armonk, NY, USA).
Results
WJ-MSC characterization
WJ-MSCs over the first 5-6 days of culture displayed fibroblast-like morphology ( Figure 1A) . The specific MSC markers (CD90, CD73 and CD105) and hematopoietic cells markers (CD34 and CD45) were analyzed with flow cytometry ( Figure 1B) . The positive expressions were present on WJ-MSCs; CD90, CD73, CD105. WJ-MSCs were mostly negative for HSC markers; CD34, CD45. To explore the differentiation potential towards osteoblasts and adipocytes, WJ-MSCs were cultured with osteogenic and adipogenic differentiation medium followed by cytochemical staining with Alizarin Red S and Oil Red O, respectively. The differentiated cells were positive for both cytochemical stains which indicated cell differentiation toward osteoblast-like ( Figure 1C ) and adipocyte-like cells ( Figure 1D ).
Cell viability assay
The effect of H 2 O 2 on the viability of WJ-MSCs was investigated. Cells were treated with various concentration of H 2 O 2 for 24 and 48 hours before assessing cell viability using MTT assay. The viability of WJ-MSCs after H 2 O 2 treatment was expressed as a percentage relative to control (Figure 2A ). Results showed that the viability of WJ-MSCs was decreased in a dose-and time-dependent manner after H 2 O 2 treatment. At 1,000 µM of H 2 O 2 treatment, the viability of WJ-MSCs was significantly decreased compared with control. Microscopic examination of the cells after H 2 O 2 treatment for 7 days showed low cell density in 1,000 µM H 2 O 2 treatment compared with control ( Figure  2B ).
Anti-fibrotic gene and protein expression in WJ-MSCs under ROS condition
To determine the expression level of HGF, IGF1, a n d S H H i n W J -M S C s , r e a l -t i m e P C R a n d immunofluorescence staining were performed. WJ-MSCs were treated with 200, 500, and 1,000 µM H 2 O 2 for 24 hours before harvesting mRNA or staining with anti-fibrotic markers. In comparison with control group, the expression levels of HGF, IGF1, and SHH were significantly reduced after H 2 O 2 treatment in a dosedependent manner ( Figure 3A ). Immunofluorescence staining of HGF, IGF1, and SHH showed decreased fluorescence intensity of the three markers in H 2 O 2treated cells compared with control ( Figure 3B ).
Myofibroblastic gene expression in cardiac fibroblasts (CF) after co-culture with H 2 O 2 -treated WJ-MSCs
To determine the effect of H 2 O 2 on the anti-fibrotic properties of WJ-MSCs, WJ-MSCs were plated in transwells and cultured with medium supplemented with 200, 500, and 1,000 µM H 2 O 2 for 24 hours. The H 2 O 2 -treated WJ-MSCs were then co-cultured with CF for 48 hours. Myofibroblastic specific markers; alpha-smooth muscle actin (SMA) and collagen type 1 (COL1) were investigated in CF. The gene expression of COL1 and SMA in CF were not significantly different compared with control ( Figure 4A ), whereas the immunofluorescent micrographs showed the highest fluorescent intensity for COL1 and SMA signal in the 1,000 µM H 2 O 2 treatment group indicating an increased myofibroblastic phenotype in CF ( Figure 4B ). Thus, we decided to use 1,000 µM H 2 O 2 treated WJ-MSCs for the subsequent experiments.
Anti-fibrosis gene and protein expression of WJ-MSCs after transfection
In order to improve anti-fibrotic properties of WJ-MSCs, the WJ-MSCs were transfected with pCMV3-HGF, pCMV3-IGF1, or pCMV3-SHH for 48 hours using Lipofectamine™ 2000. The timeline of the process is shown in Figure 5A . RNA and conditioned medium were collected from transfected MSCs and expression of HGF, IGF1, and SHH were investigated before co-culture with CF. The expression of HGF, SHH, and IGF1 genes in transfected WJ-MSCs were approximately up to 10,000 fold higher than control and were not reduced after H 2 O 2 treatment ( Figure 5B ). The examination of the protein expression in conditioned media performed by Western blot analysis showed decreased HGF, IGF1, and SHH proteins in conditioned media of H 2 O 2 -treated WJ-MSCs. These proteins were increased in conditioned media of transfected WJ-MSCs (HGF-, IGF1-, SHH-MSC) and decreased after H 2 O 2 treatment. However, compared to non-transfected WJ-MSCs, the HGF, IGF1, and SHH protein concentrations tended to be higher in transfected MSCs after H 2 O 2 treatment ( Figure 5C-E) .
Myofibroblastic gene and protein expression of CF after co-culture with transfected WJ-MSCs
To determine whether the expression of anti-fibrotic secreted factors from transfected WJ-MSCs could affect myofibroblast properties in CF, we investigated the myofibroblastic markers; COL1 and SMA in CF after co-culture with WJ-MSCs for 48 hours ( Figure 5A ). The conditions of WJ-MSCs for coculture study were as follows; no MSC, -MOCK, -MSC, -MSC+H 2 O 2 , -MSC+pCMV3 (HGF/IGF1/ SHH), -MSC+pCMV3 (HGF/IGF1/SHH) +H 2 O 2 .
As determined by immunofluorescence staining, the fluorescent intensity of COL1 and SMA in CF were lower after co-culture with MSC and MSC+pCMV3 compared with CF ( Figure 6-8) . The fluorescent signal tended to be increased after co-culture with H 2 O 2treated MSCs compared with MSCs, however, the expression of these myofibroblast markers tended to be decreased after co-culture with MSC+pCMV3+H 2 O 2 ( Figure 6A,7A, 8A) . For the gene expression study, SMA expression was found to have the same trend as the results of fluorescent intensity ( Figure 6B, 7B, 8B ). The expression of COL1 from all conditions was not much different among the co-culture conditions ( Figure  6B, 7B, 8B ). All evidence showed the efficacy of antifibrotic factors overexpressed-MSC diminished the transformation from fibroblasts to myofibroblasts.
Discussion
Stem cell therapy has become a potential novelty for treating degenerative diseases, in particular, cell transplantation in ischemic heart disease (IHD). WJ-MSCs are considered to be a promising stem cell type for treating IHD due to their high number in the tissue, which can easily be isolated by low-invasive methods (33) . Previous research reported the potential of WJ-MSCs to differentiate into cardiomyocytes, neovascularization and cardioprotective effects via paracrine factors (34) . In the present study, WJ-MSCs exhibited typical MSC characteristics including expression of cell surface markers (CD90, CD73 and CD105) and differentiation potential into mesodermal lineages (osteoblasts and adipocytes). It had been shown that the response of MSCs to oxidative insult was different according to the origin of MSCs (35) . Therefore, the selection of MSCs used for transplantation must be a concern and appropriate for the specific use. Even though MSCs from different origins have similar characteristics, the type of MSCs must be carefully considered to enhance the outcome of cell transplantation. WJ-MSCs have been shown to exert anti-fibrotic properties although the underlying mechanism is poorly characterized. WJ-MSCs are able to secrete many anti-fibrotic cytokines including HGF, fibroblast growth factor 2 (FGF2), connective tissue growth factor (CTGF), Tumor necrosis factor-inducible gene 6 (TSG6), IGF1 and SHH, which could account for their therapeutic effects (36) . Recently, WJ-MSCs treatment for fibrotic diseases has reached clinical trial phase 2, especially in liver fibrosis and cardiac fibrosis. Post myocardial infarction usually develops cardiac fibrosis, which impairs cardiac function. Therefore, the reduction of cardiac fibrosis might be a useful strategy for treatment of heart failure. Even though, it has been demonstrated that administration of WJ-MSCs in a myocardial infarction model decreased cardiac fibrosis (37) but unsuccessful findings were frequently found with poor survival rate and dysfunction of transplanted WJ-MSCs.
Oxidative stress was reported to be an important factor influencing the transplanted WJ-MSCs survival and function. Here, we focused on the role of oxidative stress in anti-fibrotic properties of WJ-MSCs. We hypothesized that oxidative stress may diminished the anti-fibrotic property of WJ-MSCs whereas the overexpression of HGF, IGF1 or SHH genes can reconcile this function. Our results demonstrated that the gene and protein levels of anti-fibrosis factors such as HGF, IGF1 and SHH were significantly decreased after exposure to H 2 O 2 in a dose dependent manner. HGF, IGF1 and SHH are novel anti-fibrotic cytokines. It has been shown that HGF prevented the progression of fibrogenesis in multiple organs such as lung, liver and heart (36, 38, 39) . IGF1 exerts the beneficial effect on cardiac repair by enhancing angiogenesis and improving myocardial function (40) . Previous studies demonstrated that SHH inhibited cardiac fibrosis, at least in part, by stimulating the production of paracrine factors that exert anti-fibrotic action (41) . SHH gene therapy also enhanced neovascularization in rat myocardial infarction through the upregulation of angiogenic-associated genes including VEGF, stromal cell-derived factor 1 (SDF-1), angiopoeitin, and IGF1 (42) . Reactive oxygen species have been shown to activate latent transforming growth factor beta (TGF-ꞵ) and induce the expression of profibrogenic cytokines such as TGF-ꞵ and angiotensin II (ANG) (43) , which are negative regulators of HGF (44) . It is possible that H 2 O 2 reduced the expression of anti-fibrosis genes and proteins in WJ-MSCs by stimulating the expression of its antagonist, however, the underlying mechanism was largely unknown. The consequence of downregulation of HGF, IGF1 and SHH under oxidative stress conditions might impair anti-fibrosis properties of WJ-MSCs. Therefore, the anti-fibrosis potential of WJ-MSCs was further investigated by coculturing with rat cardiac fibroblasts (CF). The results showed that the expression of myofibroblastic specific markers; COL1 and SMA in CF was increased after co-culture with H 2 O 2 treated WJ-MSCs. This finding might affect to the activation of interleukin-6 (IL-6) through phosphatidylinositol 3-kinase (PI3K), protein kinase B (Akt), and glycogen synthase kinase 3 beta (GSK3β) downstream molecules (45) . The upregulation of IL-6 plays a key role in the production of TGF-β via the JAK/STAT3 signaling pathway, which enhances the transdifferentiation of fibroblasts to myofibroblasts (46) . Therefore, oxidative stress might be one important mechanism that attenuates the anti-fibrotic ability of WJ-MSCs. ROS may induce stress in WJ-MSCs and impair its function resulting in transdifferentiation of cardiac fibroblasts to myofibroblasts.
To further elucidate whether the impairment of antifibrosis properties can be recovered, we overexpressed anti-fibrosis genes in WJ-MSCs and then co-cultured with CF under ROS conditions. We hypothesized that administration of MSC-HGF, MSC-IGF1 or MSC-SHH might improve anti-fibrotic properties under ROS conditions. The results showed that overexpressed-MSC increased the gene expression levels of HGF, IGF1, and SHH even when cultured under ROS conditions. The conditioned media of overexpressed-MSC co-cultured with CF showed higher HGF, IGF1 and SHH protein expression compared to the others. Therefore, overexpression of anti-fibrosis genes; HGF, IGF1, and SHH in MSC may abolish the effect of H 2 O 2 on anti-fibrosis genes and protein expression. MSCs were then co-cultured with CF. Fibrosis is characterized by the accumulation and deposition of collagen type I and SMA produced from myofibroblasts. Therefore, we investigated fibrogenesis via evaluation of myofibroblast characteristics of CF during culture. The study was divided into 4 groups as follows; CF+MOCK, CF+MSC+H 2 O 2 , CF+overexpressed-MSC, CF+overexpressed-MSC+H 2 O 2 . The results showed that overexpression groups; HGF-MSC, IGF1-MSC or SHH-MSC in the presence of H 2 O 2 were able to decrease the expression of myofibroblastic genes and proteins; COL1 and SMA. These results correlated with previous studies that gene transfer of HGF, IGF1, or SHH reduced cardiac fibrosis (47) . HGF prevents fibrosis via the HGF/Met pathway, which antagonize the TGF-ꞵ and angiotensin II signaling pathway (38, 48) . Meanwhile, overexpression of IGF1 in cardiomyocytes reduced fibrosis in the mouse model of dilated cardiomyopathy by inhibiting cardiac fibroblast proliferation and reducing the expression of connective tissue growth factor (CTGF), a downstream mediator of the TGF-ꞵ pathway (49) . However, the role of SHH in cardiac fibrosis has not been clearly elucidated. SHH has been shown to promote fibrosis in some organs such as lung, liver, and kidney via its interaction with the receptor Ptch1/Smo, which activates Gli1, a transcription factor regulating the expression of fibrogenic genes; Snail, COL1, SMA, fibronectin, and desmin. Besides, the SHH pathway may promote epithelial-mesenchymal transition (EMT), which is necessary for tissue fibrosis by induction of TGF-β (50) . Several studies have suggested that SHH may exert beneficial effects on cardiac repair upon tissue injury. It has been elucidated that SHH is involved in the cardio-protective effect after ischemia via upregulation of VEGF, Ang-1, and Ang-2, which can induce neovascularization and angiogenesis (42) .
Taken together, ROS exerted adverse effects on WJ-MSCs by attenuating its anti-fibrotic properties. Our results suggest the overexpression of anti-fibrosis genes can abolish the ROS affected anti-fibrosis properties of WJ-MSCs. Therefore, WJ-MSCs modified to overexpress anti-fibrosis genes could serve as a novel approach for protecting/treating cardiac fibrosis. However, this finding is only a preliminary study, which revealed that the good outcome of stem cell therapy may originate from multiple factors, particularly, the environment of engrafted cells must be a concern and an in vivo study is greatly needed.
